Seven new -caryophyllene-derived terpenoids (1-7) were isolated from EtOAc extracts of the Formosan soft coral Sinularia gibberosa. The structures of compounds 1-7 were elucidated on the basis of extensive spectroscopic analyses and by comparison with the spectral data of related metabolites. Cytotoxicity evaluation of the above metabolites towards a limited panel of cancer cell lines also will be described.
Soft corals belonging to the genus Sinularia (Alcyoniidae) have been found to be a rich source of structurally unique and biologically active diterpenoids and norditerpenoids. 1 During the course of our investigation on bioactive natural products from marine invertebrates, a series of metabolites including steroids, sesquiterpenoids, diterpenoids, and norditerpenoids have been discovered. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Our present study on the chemical constituents of a soft coral Sinularia gibberosa, which was collected off the coast of northeastern Taiwan, has led to the isolation of seven new -caryophyllene-derived terpenoids (1-7) (Chart 1). We describe herein the isolation, structure elucidation, and biological activity of these compounds.
Compound 1 was isolated as a colorless oil, ½ 25 D þ42:8 (c 0.16, CHCl 3 ). Its HR-ESI-MS had a pseudomolecular ion peak at m=z 287.1622 ½M þ Na þ (calcd for C 16 H 24 O 3 Na, 287.1623), corresponding to the molecular formula of C 16 H 24 O 3 . Thus, the compound was determined to have five degrees of unsaturation. The characteristic NMR signals [ H 3.69 (3H, s, OMe); C 178.3 (C-13), 51.9 (OMe)] and an IR absorption at 1728 cm À1 indicated the presence of a methyl ester functional group. Furthermore, two methyls ( C 16.8, CH 3 and 17.0, CH 3 ), one trisubstituted epoxide ( C 59.4, C and 63.4, CH), and one exocyclic double bond ( C 114.0, CH 2 and 150.6, C) were assigned from the 13 C NMR and DEPT spectra of compound 1. The above functionalities revealed that compound 1 is a tricyclic compound, including the presence of an epoxide. Using 2D NMR spectroscopic analysis (COSY, HMQC, and HMBC), the caryophyllene-based skeleton of compound 1 was elucidated (Fig. 1) .
The relative stereochemistry of compound 1 (Fig. 2 ) was established from NOE correlations observed in a NOESY experiment. In the NOESY spectrum of compound 1, H-1 interacted with H-5 but not with H-9, H 3 -12, and H 3 -15, suggesting that H-1 is situated on the opposite face of the compound from H-9, H 3 -12, and H 3 -15. It was found that the relative stereochemistry of compound 1 is the same as that of a known metabolite 8.
12,13 Also, we have previously isolated a related norcaryophyllene, compound 9, from a soft coral of the same genus Sinularia. 6 Thus, a (1S Ã ,4S Ã ,5S Ã ,9R Ã ,11S Ã )-configuration for compound 1 was suggested.
Gibberosin A (2) was obtained as a colorless oil, ½ (Tables 1 and  2 ) with those of compound 1 and nanolobatin C (10), 6 it was found that compound 2 contains the same ring structure as that of compounds 1 and 10, and the acetoxy-bearing methine at C-15 in compound 10 was replaced by a ketone in compound 2, which was also confirmed by the HMBC and COSY correlations as shown in Fig. 1 . Thus, the planar structure of compound 2 was fully established. From the NOE correlations observed in the NOESY spectrum of 2 (Fig. 2) , H-1 interacted with H-5, but not with H-9, H 3 -17, and H 3 -19. Also, H-5 did not interact with H 3 -19. This suggests that H-5 has an -orientation and H-9, H 3 -17, and H 3 -19 have -orientation. Therefore, the relative configurations on C-1, C-4, C-5, C-9, and C-11 in compound 2 were found to be the same as those of compound 1.
Gibberosin B (3) was obtained as a colorless oil, ½
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þ32:1 (c 0.28, CHCl 3 ). According to the HR-ESI-MS (m=z 357.2041, ½M þ Na þ ) and 13 C NMR data, its molecular formula is C 20 H 30 O 4 Na. Therefore, compound 3 was determined to have six degrees of unsaturation. The 1 H and 13 C NMR spectral data were very similar to those of a known compound 11 6 (Tables 1 and 2) except that a carbon signal at 71.2 (C-15) in compound 11 was shifted to 82.2 in compound 3. Furthermore, the 1 H NMR spectrum of compound 3 showed an additional signal at 7.51 (br s) which was considered to be a hydroperoxy proton. 14 In other words, the hydroxy group in compound 11 was replaced by a hydroperoxy group in compound 3. The double bond between C-13 and C-14 was determined to have a trans geometry based on the coupling constant (J ¼ 15:9 Hz) between H-13 ( 6.34, d) and H-14 ( 6.92, d). The relative configurations on C-1, C-4, C-5, C-9, and C-11 in compound 3 were found to be the same as those of compounds 2 and 11, on the basis of the NOE correlations observed in a NOESY experiment as shown in Fig. 2 .
Gibberosin C (4) was isolated as a colorless oil, ½ of the 1 H-1 H COSY and HMBC spectral data of compound 4 showed that compound 4 had a planar structure similar to that of compound 3 (Fig. 1) . The relative stereochemistry of compound 4 was elucidated by analysis of the vicinal 1 H-1 H coupling constants and NOE correlations observed in a NOESY experiment. The double bond between C-13 and C-14 was also determined to have a trans geometry based on the coupling constant (J ¼ 15:5 Hz) between H-13 ( 6.35, d) and H-14 ( 6.94, d). In the NOESY spectrum of compound 4, H-1 interacted with H 3 -20 but not with H-5, H-9, and H 3 -18, suggesting that H-1 and H 3 -20 have an -orientation and H-5, H-9, and H 3 -18 have a -orientation. Therefore, compound 4 was determined to be a C-4, C-5 diastereomer of compound 3.
Gibberosin D (5) has the molecular formula C 22 H 34 O 4 based on its HR-ESI-MS and NMR spectral data (Tables 1  and 2 , respectively). Comparison of the 13 C NMR spectral data of compound 5 with those of compound 3 (Table 1) suggested that compound 5 is another caryophyllene-derived diterpeneoid. From careful inspection on the 1 H and 13 C NMR spectral data of compound 5, C-12 was assigned to have a saturated prenyl substituent. Also, two methyl groups ( H 1.44 (6H, s) and C 25.9) were attached to C-15, and an acetoxy group ( C 22.3 and 170.7; IR absorption at 1734 cm À1 ) was found to be attached to C-15 ( C 81.5; H (H 3 -16 and H 3 -17) 1.44, 6H, s). Based on the data, the molecular framework of compound 5 was determined. In addition, the stereochemistry of compound 5 was established based on key NOE correlations (Fig. 2) . Gibberosin E (6) was isolated as a colorless oil, ½ 25 D þ25:0 (c 0.44, CHCl 3 ). The molecular formula of compound 6 was determined to be C 20 H 30 O 2 based on HR-ESI-MS, and it has six degrees of unsaturation. The 1 H and 13 C NMR data of compound 6 revealed that this compound has the same ring skeleton as those of compounds 1-5. An IR absorption at 1670 cm À1 corresponded to a trisubsituted double bond. In the 1 H NMR spectrum, no signal was observed for an acetoxy group; however, an additional olefinic proton ( 5.28, J ¼ 7:8, 7.8, 1.2 Hz), as compared to that of compound 5 was observed. Based on these findings, together with the correlations observed in the 1 H-1 H COSY and HMBC spectra (Fig. 1) , compound 6 was determined to have a planar structure. The relative stereochemistry of caryophyllene-based moiety for compound 6 was found to be the same as that of compound 5, determined from the NOE correlations observed in a NOESY spectrum (Fig. 2) .
Gibberosin F (7) was obtained as a colorless oil, ½ 25 D þ68:7 (c 0.16, CHCl 3 ). The molecular formula of compound 7 was determined to be C 22 H 32 O 4 based on HR-ESI-MS. The 1 H and 13 C NMR data are very similar to those of compound 6. By comparison of the NMR spectral data of compound 6 with those of compound 7, it was found that a vinyl methyl attached to C-15 in compound 6 was replaced by an acetoxy-bearing methylene in compound 7. The HMBC cross peaks from H 3 -17 to C-15, and H 2 -16 to C-15 and the acetoxy carbonyl carbon confirmed the above observation. The double bound between C-14 and C-15 was determined to have a cis geometry based on the NOE interaction between H-14 and H 3 -17.
The caryophyllene moiety in compounds 2, 3, and 5-7 now are known to have the same relative stereochemistry at the asymmetric carbons, C-1, C-4, C-5, C-9, and C-11 as that in compound 1. Thus, the relative configurations of these five compounds were assigned to be 1S Ã ,4S Ã ,5S Ã ,9R Ã ,11S Ã . How- Cytotoxicity of metabolites 1-7 toward a limited panel of cancer cell lines was evaluated. Compound 3 had weak cytotoxicity towards Hep G2 (Human hepatocellular carcinoma), A549 (human lung carcinoma), and MDA-MB-231 (human breast carcinoma) cell lines with IC 50 's of 18.7, 18.5, and 15.2 mg mL À1 , respectively. Also, metabolite 6 had weak cytotoxicity (IC 50 16.3 mg mL À1 ) towards MDA-MB-231. The other metabolites were inactive toward the growth of the above three cancer cell lines.
Experimental
General Experimental Procedures. Optical rotations were measured on a Jasco DIP-1000 digital polarimeter. IR spectra were recorded on a Jasco FT-5300 infrared spectrophotometer. NMR spectra were recorded on a Bruker Avance DPX300 FT-NMR at 300 MHz for 1 H and 75 MHz for 13 C or on a Varian Unity INOVA 500 FT-NMR at 500 MHz for 1 H and 125 MHz for 13 C, in CDCl 3 using TMS as an internal standard. Low-resolution mass data and HR-MS data were recorded by ESI FT-MS on a Bruker APEX II mass spectrometer. Silica gel (Merck, 230-400 mesh) was used for column chromatography. Precoated silica gel plates (Merck, Kieselgel 60 F-254, 0.2 mm) were used for analytical TLC. High-performance liquid chromatography (HPLC) was performed on a Hitachi L-7100 apparatus equipped with a Bischoff refractive index detector, or a Hitachi L-7400 UV detector and with the Merck Hibar Si-60 column (250 Â 21 mm, 7 mm).
Animal Material. The soft coral Sinularia gibberosa was collected by hand using scuba equipment off the coast of northeastern Taiwan, 
